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Chapter 1: General introduction and literature review 
This chapter composed of the introduction of the overall thesis and more than 250 references review. Starting from the 
fundamental concepts and importance of chirality, especially in biological applications such as in pharmacy. The optical 
activities, the unique property of chiral molecules, were used in different functional materials and also as a detection of 
enantiomers. In addition, the demand of chiral molecules and examples of the enantioselective syntheses were 
introduced. The next section is the introduction of photochemical reaction. Proceeding through electronically excited 
states, the energetic states promoted by photon absorption of molecules, photochemical reactions could yield unique 
strained of thermally difficult-to-access products that cannot be synthesized by thermal reactions. The [2+2] and [4+4] 
cyclodimerizations are the examples of the such reactions. Moreover, photochemistry often relates to the sustainable 
（別紙様式５）                                       
chemistry, as light becoming the most reliable energy source on earth. The next section explained the supramolecular 
chemistry especially for the purpose of chirality generation and transfer. The final section of the chapter reviewed the 
different approaches on controlling [4+4] photocyclodimerization of 2-anthracenecarboxylate (AC) by supramolecular 
chemistry approaches, leading to the main purpose of this thesis which is controlling the photocyclodimerization of 
2-anthracenecarboxylate (AC) using synthetic antibody and chiral silica-organic hybrid nanoribbons. 
 
Chapter 2: Supramolecular chirality induction and regioselective [4+4] photocyclodimerization of 
2-anthracenecarboxylate using chiral silica-organic hybrid nanoribbons 
The chiral hybrid nanoribbons were synthesized and used as a chiral template to induce chirality of AC. Because of the 
anion exchange between tartrate and AC, the AC exhibits the induced CD throughout the spectrum with particularly 
strong exciton-coupling CD signal. Lowering the temperature slows down the exchange between tartrate and AC but 
gives a more stable and higher induced CD spectrum. The AC can exchange with only half of the tartrate locating on the 
outer layer of double-bilayer assemblies. At higher AC content, the AC molecules will begin to penetrate through 
gemini layer causing the perturbation to the assemblies. The exchange efficiency also depends on the molecular 
structure of anions. These studies on dynamics of AC and tartrate exchange are useful to not only in this thesis but also 
the other systems utilizing hybrid surfactant self-assemblies. Even though the enantioselectivity was too low to be 
discussed, hybrid nanoribbons showed high regioselectivity toward head-to-head dimers (ACD3 and ACD4). The 
maximum selectivity was 97 %, which is a near perfect absolute regioselectivity. This is so far the only complete 
supramolecular head-to-head regioselective photocyclodimerization of AC using only water as a solvent and at room 
temperature. In addition, significant increase of photocyclodimerization rates when using hybrid nanoribbons was 
observed for AC photocyclodimerization. Also, this is the first demonstration in utilizing chiral hybrid nanoribbons as a 
regioselective reaction media. Using hybrid nanoribbons demonstrates not only a significant improvement of 
regioselectivity but also a potential reduction of time, energy and cost in photoreactions. 
 
Chapter 3: Supramolecular regio- and enantioselective [4+4] photocyclodimerization of 2-anthracenecarboxylate 
using synthetic antibody obtained from phage display technique 
To obtain synthetic antibody from phage display screening, ACD3-PEG5-Lys(Biotin) ligand containing ACD3 as a 
target product was synthesized from solid-phase synthesis. 2 and 6 candidates having binding affinity to ACD3 were 
isolated from Tomlinson I and J libraries. From the competitive ELISA screening, J-20 clone showed high selectivity to 
head-to-head ACDs. The target DNA was subcloned into pET-22b(+) vector, and the synthesis and purification of scFv 
J-20 antibody was achieved by protein expression in E. coli BL21(DE3) cells. The ground-sate interaction between 
scFv J-20 antibody and ACD3, and the ground- and excited-state interaction between scFv J-20 antibody and AC were 
inspected. In the existence of scFv J-20 antibody, supramolecular regio- and enantioselective [4+4] 
photocyclodimerization of AC affords ACD3 and ACD4 with 32.4 % and 51.4 % product distributions. Also, 41 % ee of 
ACD3 was found. Moreover, the photochemical reaction conditions, including AC to scFv J-20 antibody ratio, pH, 
temperature, time and salt, were optimized. The synergistic effects of pH and temperature significantly improved the 
result. The ee and product distribution of ACD3 can be increased to 48 % and 33 %, respectively. In addition, % 
head-to-head was maximized to 91 %. The cause of moderate product distribution and ee of ACD3 is likely to be the 
microenvironmental polarity of arginine residues at the reaction sites, which is an important information to not only 
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synthetic antibody but also any supramolecular reactions mediated by biomolecules. 
 
Chapter 4: Synthesis of heterodimer of 2-anthracenecarboxylic acid and 6-hydroxy-2-anthracenecarboxylic acid 
to improve phage display technique 
The 6-methoxy-2-anthracenecarboxylic acid was synthesized through 5 optimized main steps. The anti-head-to-head 
heterodimer between 6-methoxy-2-anthracenecarboxylic acid and 2-anthracenecarboxylic acid was synthesized from 
intramolecular photocyclodimerization using trans-1,2-cyclohexanediol linker. The methoxy group was hydrolyzed, and 
the linker was cleaved to methyl ester. The enantiomers were separated using HPLC equipped with chiral column. The 
methyl ester was hydrolyzed to afford a final anti-head-to-head heterodimer of 6-hydroxy-2-anthracenecarboxylic acid 
and 2-anthracenecarboxylic acid. The enantiomers of AC-HAC dimer3 were identified by calculated CD. 
 
General conclusion 
This thesis demonstrates the supramolecular photocyclodimerization of 2-anthracenecarboxylate mediated by 
two different media, chiral hybrid nanoribbons and synthetic antibody, in water with high regioselectivity of 
head-to-head 2-anthracenecarboxylate dimers, which are not favourable in water due to the steric hinderance and 
electrostatic repulsion, and enantioselectivity of anti-head-to-head 2-anthracenecarboxylate dimer. In addition, both 
media provide the sustainable supramolecular photochemical reaction systems. The silica-organic hybrid nanostructures 
are good candidates for stable and recyclable templates. Synthetic antibodies obtained from animal-free experiment are 
biodegradable. In addition, both systems can be performed in water without any rare metal catalysts, and both templates 
can increase the reaction rates, reducing time and energy consumption. Finally, they possess potential to be generalized 























に head-to-head 型に制御された AC の光環化二量体の合成に成功すると共に、反応機構な
どを詳細に検討し、新しい超分子光反応系に対する設計指針を提案している。  




体を反応場とする AC の超分子光反応を検討し、室温･水中でほぼ完全に head-to-head 型
に制御された AC 光環化二量体が得られることを明らかとしている。第３章でファージデ
ィスプレイ法により head-to-head 型 AC 二量体を認識する合成抗体をセレクションし、遺
伝子工学的手法により合成一本鎖抗体(scFv)を取得し、この scFv を反応場とする超分子不
斉光反応を検討し、室温・水中で 90％以上の head-to-head 型 AC 二量体の選択合成を達成






 以上、2-アントラセンカルボキシレートの超分子不斉[4 + 4]光二量化をベンチマーク的
光反応として、ハイブリッドシリカ-有機ナノリボンおよび人工抗体が有効に機能するこ
とを明らかとした。  
 これら新規方法論は一般性が高く、様々な超分子不斉合成への適用が可能で、今後の更
なる発展が期待される。  
 以上のように本研究の成果は、自立して研究活動を行うに必要な高度の研究能力と学識
を有していることを示している。したがって、Wijak YOSPANYA 君提出の博士論文は、
博士（理学）の学位論文として合格と認める。  
 
